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(57) Abstract: A process for producing a 
single crystal by pulling up a single crystal 
from a raw material melt within a chamber 
according to the CZ technique, characterized 
in that providing that at the stage of growth 
of single crystal, V represents the pull up rate 
and G the crystal temperature gradient, the 
crystal temperature gradient G is controlled 
by altering at least two pull-up conditions 
selected fix)m among the diameter of single 
crystal straight trunk part, the rotational 
speed of single crystal at single crystal 
pull-up, the flow rate of inert gas introduced 
in the chamber, the position of heater for 
heating the raw material melt and the spacing 
between the surface of the raw material 
melt and a heat shield member disposed 
opposite to the raw material melt surface in 
the chamber so that the ratio (V/G) of pull 
up rate V to crystal temperature gradient G is 
regulated so as to realize growth of a single 
crystal with desired defect region. Thus, 
there is provided a process for producing 
a single crystal in which a single crystal 
with desired defect region can be efficiently 
produced within a short period of time by 
controlling V/G without lowering the pull up 
rate V at the stage of growth of single crystal 
according to the CZ technique. 



wo 2005/001171 Al llliiilliiililililillii||||lilli|||i|||[mi||| 



ID, IL, IN. IS, KE. KG, KP, KR. KZ, LC, LK, LR, LS, LT, FT LU MC ML PI PT RO «JF «II «if TI,^ /-.aot 



SK, SL, SY. TJ. TM, TN, TR, TT. TZ. UA, UG. US. UZ. 
VC, VN, YU, ZA, ZM, ZW. «^.vBn-.„ 

(84) jis@fan^<DJEcLxisy, :^T<Das©i£««aA<Br — aeiasia^* 

ARIPO (BW, OH, CM. KE, LS, MW, MZ. NA, SD, 



SL, SZ, TZ, UG, ZM, ZW), i— -^i^T- (AM. AZ.BY 2X^3— Kar/te<DBSfSr-DL\-rf± «fefiB»«i+. x. 
KG. KZ, MD. RU, TJ, TM), 3- P (AT. BE. BG ftPC^^If ^ holSSli^^L^ ^3- kISI 
CH. CY, CZ. DE. DK. EE. ES. FI. FR. GB. OR, HU. IE. OiS^ ^ >iy - hj ^#1! 



wo 2005/001171 



1 



PCT/JP2004/007350 



m m m 

•9. ^f-^3i^^y^>^dr^^^(Czochralski Method, &.TCZmtmWi-^) iZX^M 

[0003] ^--c. <^^->^>xmiz.-D\^^xm7^0mi.^j:i^ibmm-r^. 

Flow Pattern Defect) -^COP (Crystal Originated Particle) ^CD^a-V 
-ra^^fiV (Vacancy) m^tmttlX\^ 

[0004] */c, ^^^Amm^^<vx\^^<t^s:mm(Dis^rKi^\^-osF(m^mmmm 

:^|5(&. Oxidation Induced Stacking Fault) mi$c-^^^^^s<Dmm7!}>hV>i^m^ 

jgHt#XL?>:^^TV^SLSEPD (Large Secco Etch Pit Defect) . LFPD (Larg 
e Flow Pattern Defect) ^ (D Xmmm mi^^^l^^ Ztlib<DXmr^^^-r^ 
Mi^m (Interstitial) ^i^itV^ittlX^ ^-So 
[0005] Vmmtmi$.(D^mXOSFV>i!f(0^miZ. ^-fK^SODFPD. COP^O 

^Pl&>b. ♦&^Kv-y=:/^@<DLSEPD, LFPD^©:kRI^>#^£L;^^V^M^(?5#:&;6S 



wo 2005/001171 



2 



PCT/JP2004/007350 



[0007] *^^-^J^S$i^5^t^?|±ff iiSV Wxnin 

SBG (°C/mm) CO J:b-Cfc§V/G (mm V°C • min) ^5^^•^^^>5^^^;l J;^) . ^e.?^^ 
A»^^^^$tt§i#^^^TV>^(^J^f^.V.V.Voronkov. Journal of Crys 
tal Growth. 59(1982). 625-^643#fiP,). "T^^^^i^, V/^G^^^OMX-^fC 

-il>XV/Gffi?rgFf^O|Sa^(^j;^j^^0. 112^0. 142mm Vt:.min)(^^J#U 
fot).V/^G<S:B^McoM>><:|5|&^^fCi^M^{c^J^U/^;6SP,^^B^^,j.j^^^^^^ 

l5(DJ:5{CV/'G^^J^LT^|§^<Z)W^<lr^T5^^.i^^.?M^geG^#/^^,^5| 
±ff4^(C^J^-r5r^«fT^tLT.5l±JfJgSV^|^tp-r5^^{Cj:oTV/G^t^ 



[0008] 



wo 2005/001171 3 PCT/JP2004/007350 



^<^<i:^fti^±mmmT'r?>t\^^^mmi()^±zx\^^fzo 



[0012] ^^0J{i±l5F4S^tc:M^T/di§tLfc^O-CfcoT. @ C 



3 

3 



WO 2005/001171 

^ PCT/JP2004/007350 

^WMLx. 5 \±immvtm^,ummEGcDitvyG (mm Vt: -mm) mmcD 
[0014] zcDXoiz. czmicx^xmrn^^^^f^t^miz. mm^.mmu<Dmm. mf^^ 

^mcix^^mmxm^xmmmizmmi-^^tt^x^. ^tiiz^^x. ^\±imm 
^-t^mm^.^^mmx^mmzmm't^^t^tx^:s>o ^lt. :L<D^oizmm^ 

[0015] ^cD^t. ^^^'-t^^*iiSv^-^^fSf^LT¥^^cD^UtfSrmr^;a5T#6 

[0016] rc^^^. fi5SEv/GSr. mm^^'r^m^^^.cDXf^mm^m^i^<D^miclfc 



wo 2005/001171 



5 



PCT/JP2004/0073S0 



^'i^^^mm(Dxmmm^^-r^m^^^B^0m^^^Lxmm-t^^t7!)^x^^, 

^^^^^^^i^^m'^^B<Dmm^<y^mxmmi-^::tizx<:>x.mmmm(Dm 
i^^^^i-^::.t^^-^mtfj:y)^m^^B(Dmm^mmy<y^m^M]jn^xhmmy< 

o 

[0020] ^LT. ^iiP^ . '^in&m^^^B(Dmm:^m{c^mm^tiitm'^^B^mm 



wo 2005/001171 



6 



PCT/JP2004/007350 



[0021] U±Mm\.tc:,oK. ^^m\z.^t^.i^^ *MS^5l±(f^^{c±^fc,i^Ufc5l J:ff 

[®2]^^«-e(^lHl^it^i|^^?^^4giBGt(7)M^O-M^,i^-r^^7-^3^5^ ° 
[ia3]^^tt;^;^0^5fg»^^^jaS>fe,gg(,^^^^^_^j^_^^^_^^^^^'' 

[Mb>-^-c^igi^^,ii^a^.f,j^j,sfgi^^g^^,^^^gg^^2i^^3ia^l^ 

[E5]m3|Sfife|^Siig^^^^^Egg|Ll^)g^BmS^SEGic^i8>9^(75-M^^^ 



wo 2005/001171 



7 



PCT/JP2004/007350 



[0024] ^LT. ^^m^m^mMm^Rxj^m^mt3.fcmm. ±isjc^u^#5i±ff ^ 

[0025] ^^-C.^^e^«?^y:7hFEMAG(F.Dupret, P. Nicodeme. Y. Ryckm 
ans, P. Wouters, and M. J. Crochet. Int. J. Heat Mass Transfer. 3 

3. 1849 (1990) )^fflv^T. ^^^^w^fs^j;!. ^m^mMUcDum^mt^ 

^^^um(Dmmi.i^m<t^-^tcm^<D^^^^umm^G(Dmmz.^\.^x^>^::.u 
[0026] mi-m5iz^\.fcx^iz^ ^>^^^—>B>m^(D^^^ ±mz.^i.tz^^\±im 

^<^^mi^i^m(}^^:^^^^ticxoxf^^nm.m^mG^iz^<'r^-t7f>^'^^. ^tc 



[0027] 



wo 2005/001171 



8 



PCT/JP2004/007350 



^m^^:bits-^(:ij;t). i^^nMmmiG^^mz. ^^^^m:Lmm't^^ti»^x' 

[0028] ^mmi^. -^^5^^¥IS^.§|±{f q.(D^|_btf^#i:^^,?^4ggaG^O||^^ 

[0029] sxT. ^^mcDmm^.<Dmm:^miz^^^xm^^0mLf^t^hmmizmM-r^ 



wo 2005/001171 o 

9 PCT/JP2004/007350 

[0031] ^^^^^>'^no±^{C^iW^Lfc^MrB3SrIl2^U5i9ffi1-yhie)(D5|±(f^-^ 

tc. :ff:^mmmi(D±mcn^ :ff:^mmmi^M-m^xmmnm2(DiiLm^± 
rKmmx^mmmmw}^^23^tnm^tix\,-^. t^^ :^mmc^\,^x. mm 

i-£^<^^^Tvh±m(D^oiz:ff^mm^(Drmmm^tix\.-^h(Dizm^^tifj: 

[0034] ^hK. ±U(DMmii-^-7. y^^y^^mmmm2u t-^-i^ft^^22. igfi^ 
umw}^^23. ^<yi^>^24m\±imimm^mi8izm^m^tix\.^?>. -^ebx. 

^2<^mW}.^tc^u^y^mmmm2iRx^y^tcimmMumwi^^23(Dmm=t^ 
ti^'tiw^^n(D^\±ifMmiz!t^cxmmi.x. mi^^mEmcDmm. mm^^^ 



wo 2005/001171 



PCT/JP2004/0073S0 



[0035] ^<^J:9/^*S^B§l_htf^«20^ffiV>T.CZ?&tcJ;t)^J^«>'y=V^jj§^g^^ 

[0036] ^mmn. ^(D^oi:ivxi^v=':^^m^^3^i^j^-rmic. mm^mfim<Dmm. 
^'ri^-^<^immwvfj:^^hvyG^mm\.x.mm(Dx^mm^^'r^mm^ 

m^mGmm-r^o 

[0039] m^it. ^^Mmms,Gt^yb;^<f£^mmxi^. j5pi^t^^_7(.^j^^^^^^ 
^^^^r\i-^-<Dy<rp^:tm!^xmnmm4^mm-rz^ti:LX^xm'i^^nW:Bn 



wo 2005/001171 

" PCT/JP2004/007350 

[0042] ^'^J:5t::Lr±iB5IJiJf^#cD5^0.>;:,<i:^2oj^;l±^^M-r5Ct(cj;oT. 

i-^^m<^mm^m^Hzm<Lxi.^^t.^a,^^<Dmmmi:(Dmic+^^^ 



wo 2005/001171 ^2 



PCT/JP2004/0073SO 



o 

[0046] i^. ^Igigfi. ^J^SW^^td^^^BlWrac^itM. 

[0047] ^fc. -tl^§l±^f^#^^S■f-5^(Z)^§|±{f^<4:(7)^J^^^[g^Co^^Tt. 

[0048] ^!l;tf»^^0W^^'{cm^fBii:pgp(^ii:@^^^^^^^^,^^f^^^^^^jj. 



wo 2005/001171 

'3 PCT/JP2004/007350 



{i3 1 1 mm) l^i^Ht- 5 J:5 -rtb^B: V \ 

[0049] *fc. ¥*gr.oi5i^ii^^^Mt-s«^ft. ^\J^if^^^^n(Dmmichx^i>K m 

l-40rpm, ^if*b<«5-14rpm(?5^HT^Mi--5C<b;0SM^ 
U<. ^^ATI^^}^. ^?5'f4;<^^<^l!K»«10-^2000L/min. ^L<{i60^300L 

Sii^3|6f®l?S®i(^^a^Egg|L2^^0^500mm. 0^L<tt 10^ 200mm. $P,fc$f 

*L<{*3o^ioommoigsffiT?^Ykfsj;5{ct^>5'-^ag^^Hu ^tcmnmm 

mtmmUUm<DmmLlitl-500mm. ^^^U^ilO-^aOOmm. $f.(C$f^L.< 
f*20-200mmO^H-T?^S-f -5::i;0Sg^LV \ 

[0050] -cDXoic. ^^miz^tiit. Wf^^u^\±if^icm'^^.mm(Dmm. mf^^^cD 
^^^<^^^'^^J^^^<th2^^y.±<DB\±imi^^mMLx^^^.^^^ 

[0051] i-^^^^. ^mm<Dmm^^(Dmm:ifmi^. w^^^mRm^B\±if^m<D^i^^ 



wo 2005/001171 



14 



PCT/JP2004/007350 



C0052] S&t, *«S^SrW*-J-5Bi(c*«5g<oj;5,-L^a*ja«*ieGSr«»^5>t 



[0054] 



wo 2005/001171 



15 



PCT/JP2004/007350 



mm. mm^m(Dmm^mmy<y^m<oMi.xmt. w^^m^\±immxHz^m 
^^^^^^<^^^^^y^mxmm^m(Dmtm\z.m\^xmm-r^:Lt\^^^x.m 

[0057] ^:^T. '^mmRX^it^m^^^\^X:^mM^^V)^p^^^:,^^^^^^,^ :^mm^:L 
y=r>'^i^^S:W^Lfc(¥*^^il:|^|f|J(^S$«^120cm). j^, ^^^^WAfe-^S 



wo 2005/001171 iti 

PCT/JP2004/007350 



[0058] 



m'^^^mm(Dmm. m'^^^<Dmmmm. Tju=^>^:^<Dmm. Mmii-^-(DiiL 



[0059] [^1] 



(cm) 


51-tifaa 

(mm/min) 


(mm) 


(rpm) 


(lymin) 


L2 
(mm) 


LI (mm) 


0 


1. 20 


208 


14 


100 


45 


60 


10 


0. 57 


208 


14 


150 


45 


60 


20 


0. 57 


206 


14 


175 


45 


60 


30 


0. 57 


206 


14 


175 


45 


57 


40 


0. 57 


208 


14 


150 


45 


55 


50 


0. 57 


208 


14 


130 


45 


55 


60 


0. 57 


208 


11 


130 


45 


55 


70 


0 57 


208 


11 


130 


45 


55 


80 


0. 57 


208 


11 


130 


45 


55 


90 


0. 57 


208 


10 


130 


55 


55 


100 


0. 57 


208 


10 


130 


65 


55 


110 


0. 57 


207 


10 


150 


65 


55 


120 


0. 57 


206 


10 


180 


65 


55 



[0060] ^f-i:iBc^i5fcLTW^UfcmfaORfti^iiffi(C«jjpX^igUTaJTO 



wo 2005/001171 



17 



PCT/JP2004/007350 



[0061] (l)FPD (V^iS!4)^r;«LSEPD mm) (D^^ 

(4) mitmmBi^^cDm^ 

^^^(^^>-:^Mc^m^mn'pxm:mitiio,m^n^x25nm<Dy-hm<m^ 
bfco ^LT. ^(^m^tm±izm^vfcn?v^>v=^>'mmizm}£^mn\^xmitmi 

[0062] (it^mm) 

Jimmmmtmm(Dm^^s^\±imm2ot:m\,^x. E^24^i/^(6oomm)(?5 

W^Lfco r(o<^$, ¥^^Bii:p$i5cDE#> ¥j^^B(^lEiiteig^. ^fsm^^<Dm&. 



wo 2005/001171 



18 



PCT/JP2004/007350 



[0063] m2] 



mmfS 

(cm) 


{mm/min) 


(mm) 


IHI4B3BaE 

(rpm) 


(uatM. 
(tymin) 


L2 

(mm) 


Ll(mm) 


0 


1. 20 


208 


14 


100 


45 


60 


10 


0. 55 


208 


14 


100 


45 


60 


20 


0. 53 


208 


14 


100 


45 


60 


30 


0. 52 


208 


14 


100 


45 


60 


40 


0. 53 


208 


14 


100 


45 


60 


50 


0. 54 


208 


14 


100 


45 


60 


60 


0. 55 


208 


14 


100 


45 


60 


70 


0. 55 


208 


14 


100 


45 


60 


80 


0. 55 


208 


14 


100 


45 


60 


90 


0. 55 


208 


14 


100 


45 


60 


1O0 


0. 54 


208 


14 


100 


45 


60 


110 


0. 53 


208 


14 


100 


45 


60 


120 


0. 51 


208 


14 


100 1 45 


60 



[0064] ±iBo<t5t^LTmM:Rt;«jtig^M-ef^MLfci^y=r>'^^fg}3::en^ti^^BfD 

1^m^'T^(Dm.m^^\^^X. FPD, LSEPD, OSF<D\^fi(DXmh^m^^-r . *fc 



wo 2OOS/00H71 



19 



PCT/JP2004/007350 



[0067] ^'l^i^^±mmm<Dmmxi'im^^^^^Nmmv^^'r^m'^^mi^mifx^m 

[0068] ^mMo,Wi^^s<Dmm:)^m^^. '^^■rx.h^m^mma.^^xmm-r^m 
'^^'^^^^^•r.-n(D^^\m^xm^B^Rm^mG^±.^^\±,\f^ii^^2-D&.A:,^ 

^^^^^m^x-h^mm^hiocm(Dmm\-t.^\±.\rMm^m.m^^'^\^fj:\^^-b 



wo 2005/001171 



20 



PCT/JP20O4/0073S0 



wo 2005/001171 21 PCT/JP2004/007350 



wo 200S/001171 



PCT/JP2004/007350 




fe^8§KlL2(mm) 



wo 2005/001171 

mil 



5/5 



PCT/JP2004/007350 




INTERNATIONAL SEARCH REPORT 



A. CLASSIFICATION OF SUBJECT MATTER ' 
Int.Cr C30B29/06, C30B15/20 



International application No. 

.PCT/JP2004/007350 



Accotding to International Patent Classificat ion (IPC) or to both national classification and IPC 
B. FIELDS SEARCHED 



v>nu^*-{ T^4-^ -i-y^?b~l996 Torolcu Jitsuyo Shinan Kbho 19Q4-Pnn4 

Kbkax Jxtsuyo Shinan Koho 1971-2004 Jitsuyo ShinL ToSS iShS l^tloot 



I "'"I^Pl" rii^e vlTr '"^^ "'^ ' '"^ "''^ "''^ sean^ terms used) 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Categoiy* 



Citation of document, with indication, where appropriate, of the relevant passages 



JP 2003-2786 A (Shin-Etsu Handotai Co., Ltd.)/ 
08 January, 2003 (08.01.03), 
Claims; page 4, Par. No. [0028] to page 5, 
Par. No. [0037] 
& WO 2003/000962 Al 

JP 8-268794 A (Sumitomo Sitix Corp.), 
15 October, 1996 (15.10.96), 
Claims; page 2, Par. No. [0006] to page 3 
Par. No. [0007]; page 3, Par. No. [0011] to 
page 4, Par. No. [0028]; Fig. 1 
(Family: none) 



B Further documents are listed in the contfaiuation of Box C. □ See patent family 



Relevant to daim No. 



1-7 



1-7 



"A" 
I "O" 



Special categories of cited documents- 
to of'^^c^i^ite^r 

^I'JWlication or pafaat but publisiied on or after the International 

H^^}.^^vK"tP *^2^ Pnority claim(s) or which Is 

document refeiring to an oral disclosure, use, exhibition or other means 
SSSiy'dSecffi''" 



annex- 



later document published after the international filing date or priority 
date and not in conflict with the application but cited to undSd^ 
the principle or theory underlying the invention 

cnS~^ the claimed invention cannot be 

considered novel or cannot be considered to involve an inventive 
step when the document is taken alone mvennve 

document of particular relevance; the claimed invention cannot be 
r^mh^^"* IS ^ inventive step when the document is 

oombmed with one or more other such documents, such combhmtion 
being obvious to a person skilled in the art comoinauon 

document member of the same patent family 



Date of the actual completion of the international search 
10 August, 2004 (10.08.04) 



! Name and mailing address of the ISA/ 

Japanese Patent Office 



Form PCmSAAZlO (second sheet) (Januaiy 2004) 



Dale of mailing of the international search report 
24 August, 2004 (24.08.04) 



Authorized officer 



Telephone No. 



INTERNATIONAL SEARCH REPORT 



C (Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT 



Internationa] q>piication No. 

PCT/JP2004/007350 



Category* 
A 



Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



JP 8-330316 A (Soamitomo Sitix Corp.), 

13 December, 1996 (13.12.96), 

Claims; page 5, Par. No. [0037] to page 6, 
Par. No. [0043] 
& US 0624530 Bl 

JP 2000-63196 A (Murata Mfg. Co., Ltd.), 

29 February, 2000 (29.02.00), 

Claims; page 3, Par. No. [0014] to page 4, 

Par. No. [0018] . 

(Family: none) 

JP 2000-313691 A (KDK Corp.), 

14 November, 2000 (14.11.00), 

Claims; page 2, Par. No. [0006] to page 3, 
Par. No. [0007]; page 6, Par. Nos. [0042] to 
[0047]; Fig. 4 
& OS 6458203 Bl 

JP 2002-338389 A (Sumitomo Mitsubishi Silicon 
Corp . ) , 

27 November, 2002 (27,11.02), 

Claims; page 3, Par. No. [0016] to page 5, 

Par. No. [0035] 

(Family: none) 



1-7 



1-7 



1-7 



1-7 



Form PCTaSA/210 (continuation of second sheet) (Januaiy 2004) 



A. %m<D^-r^i^m<oim mmn^n^^m (i pc) ) 

Intel? C30B29/06, C30B15/20 

B. m^t:noit^W 

raSrfrofcfe/Msnsipi. {^^1^^^ (IPC) )■ 

Intel? C30B29/06, CaOBl5/20 

0*ffl^^0f^<&a 1 9 26-1 9 9 6 

s^m^jkmmmmm^^m 1971-2004 

0 JHSii^ffiigf|g>a.^ 1994-2004 

B ^mmmmmm§^<&m 1995-20 04 

^ ^7- -sr.-^ — P^Wi^l};, MaEtC^ L:fe.ffi^) 
WP I . Elsevier 



ffl^W®*;^- PCT/ J P 2 0 0 4/0 0 ? 3 5 0 



lim^cm^ I 



A 



A 



,m^M^W- [0028] -mSMl^m [0037] & WO 2003/000962 Al 
mbM&cW- [00371 -m6M^^ [0043] & US 0624530 Bl 



1-7 



1-7 



1-7 



H*ffl4#fF/f (I SA/JP) 
^fi!#-i-l 0 0-891 5 
*^^=WffiE®;jJHHTB4#3-§- 



«^PCT/ISA/2 10 (|&2-<-S?) (2 0 0 4^1^) 



^SS#-§- 03-3581-1101 



4G 8 6 1 8 



6 7 8 1 



C (gg^) . 




Hl^WSIS-f- PCT/JP2004/007350 1 








A • 1 


I iffl . msM^^ C0014J -m^M^m [0018J 


1-7 



A 



[»6lffl ,m3Mmm [0016] -||5H^^ [00351 (77^!l-i5:L) 



1 -.7 



1-7 



«^PCT/ISA/210 (if2-?-i?Oigg#) (2004^1^) 



